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Introduction
The Nordic countries were central in the early studies of marine fauna and flora in scientific history. In the second half of the 18th century, several scientists, e.g. Johan Ernst Gunnerus, Otto Friderich Müller and Otto Fabricius, corresponded with Carl Linnaeus and contributed to his Systema naturae, as well as describing new species in their own publications (Anker, 1950; Wolff, 1994; Moen, 2006) . In the 19th century, a large number of species were described from Nordic waters by Michael Sars, Anders Ørsted, Heinrich Rathke, Gerhard Armauer Hansen, Anders Johan Malmgren, Henrik Nikolai Krøyer and Ivar Arwidsson, for example. Typically, many of the species are among the most common and abundant in the areas in which they were described.
A number of the early-described species are insufficiently characterised with regard to present-day requirements in species taxonomy. In numerous cases, species have been confused with morphologically similar species and reported from wide geographic areas. From the late part of the 19th century, there emerged a tradition of lumping polychaete species (Barroso et al., 2010) . Fauvel (1959) expressed explicitly a view that polychaete species had a high degree of morphological variation and consequently had a wide geographic distribution. It is presently agreed that the reported wide distribution results from confusing similar species with separate distributions and also different responses to environmental conditions. This has been clear for some time from critical morphological studies (e.g. Williams, 1984; Mackie and Pleijel, 1995; Koh et al., 2003) . Furthermore, recent studies have shown that even in more restricted areas, several morphologically similar but genetically different forms have been demonstrated among common species (e.g. Breton et al., 2003; Nygren et al., 2005; Bleidorn et al., 2006) .
In Norway, work has been initiated to trace original material and type localities for early-described species of polychaetes. The main intention is to clarify the status of the species and through this establish a basis for characterisation of species in accordance with present-day standards of taxonomy. The advent of molecular genetic methods presents new challenges in taxonomy, while providing powerful tools to discriminate between confused species. It has long been understood that the knowledge of polychaetes in Norwegian waters is incomplete due to many unresolved systematic problems, particularly among early-described species. Close to 100 presently valid species of polychaetes were described from Norwegian waters during the 18th and 19th centuries. The present paper gives a general overview of the early studies, places of collection, nature of original publications and status of original material. The most influential individuals in the 18th and 19th centuries were Otto Friderich Müller and Michael Sars, respectively, and most of the focus is on their contributions. Part of the present work has been carried out under the framework of the Norwegian Taxonomy Initiative, which is a broad-scale program aimed at mapping species diversity in Norway. 
The need to reassess the characteristics of early-described species
The proper characterisation of early-described species is necessary to resolve complexes of confused species and for discriminating and diagnosing related new species. Without this clarification, species descriptions may confuse characters from similar species. The need for precise species identification is crucial in monitoring and for environmental assessment studies, e.g. the European Water Framework Directive, where the detection of species changes is the very basis for assessing to what degree human influences or climate changes are affecting natural ecosystems. Inaccurate species discrimination reduces the sensitivity of monitoring tools.
There is also a need to clarify which of several species is the originally named species when species complexes are resolved. The rapidly expanding use of molecular genetic methods has demonstrated how cryptic species are common in the marine environment (Knowlton, 2000) . From Nordic waters, several examples of cryptic species among earlydescribed phyllodocids have been demonstrated (Nygren et al., 2009 (Nygren et al., , 2010 Nygren and Pleijel, 2011) . For the nereidid Hediste diversicolor (O. F Müller, 1776) and the orbiniid Scoloplos armiger (O.F. Müller, 1776) , clear genetic differences between populations have been documented (Breton et al., 2003; Bleidorn et al., 2006; Audzijonyte et al., 2008) . Furthermore, in international gene sequencing databases such as the database holding DNA-barcoding sequences, BOLD (Barcode of Life Data System) (Ratnasingham and Hebert, 2007) , there are several examples of different molecular sequences being uploaded for the same taxon, reflecting the improper discrimination of related species. For example, recent searches in the BOLD database for H. diversicolor and Cirratulus cirratus (O.F. Müller, 1776) showed three and four putative species, respectively, indicated by DNA barcoding (access date 3 April 2014). The rapidly expanding use of modern genetic analytical techniques, hence, necessitates that correct genetic information can be obtained for early-described species.
In order to clarify the characters of insufficiently described species, the established practice in taxonomy is to examine the original material (type specimens), or in cases where new material is needed, to collect at the same location where the original material was collected (type locality). These specifications imply that the status of the original material should be known, and the locality for collecting new material (type locality) should be fixed. The International Code of Zoological Nomenclature (ICZN) provides rules governing what constitutes original material and how type localities should be fixed (ICZN, 1999) . New material may be collected in cases where the original material has been lost, for critical morphological studies that cannot be performed on original material, and for molecular genetic analyses. Material from type localities (topotypic material) may also be of great help if the original specimens are of poor quality but still in a condition to confirm conspecific status. Genetic sequences from the same samples will provide genetic characterisation of the species in question and provide museum vouchers for specimens used in genetic analyses (Pleijel et al., 2008) .
The collection of new material is particularly important for genetic characterisation. Attempts to obtain genetic information from old museum specimens have generally failed. Museum specimens have traditionally been preserved in formalin, which degrades and fragments DNA, and may cause a number of changes to the DNA (Skage and Schander, 2007) . Protocols have been tested to accommodate the challenge to extract DNA suitable for sequencing without much success (Schander and Halanych, 2003; Skage and Schander, 2007) . The general need for new material in genetically supported taxonomic work underlines the importance of critically selecting the place to sample the material for linking molecular genetics to traditional taxonomy. The type locality can provide a link between modern genetically based taxonomy and traditional morphology-based taxonomy. (Anker, 1950; Wolff, 1994 (Müller, 1777-84; Müller and Abildgaard, 1789; Müller et al., 1806) before the work was discontinued (Anker, 1950; Wolff, 1994) . Müller died soon after the release of the second volume, and the third and fourth volumes were edited and completed by contemporary naturalists in Copenhagen (P.C. Abildgaard, M. Vahl, J. Rathke, H.S. Holten). The text was in Latin, but parallel editions with text in Danish and German were made of the first volume. All species were illustrated by Müller's brother, C.F. Müller, who also edited a new release of the two first volumes in 1788 (Müller, 1788) . Fig. 2 presents an example of the quality of the text and illustrations in Zoologia Danica.
Prior to the release of Zoologia Danica, a so-called forerunner Zoologia Danica prodromus was published in 1776 (Müller, 1776) . The 'prodromus' is essentially an annotated catalogue of all contemporary known species of animals in Denmark and Norway and the first inventory based on the Linnean classification system. In total, more than 3000 species are included. All species were entered with an access number, scientific name (binomial), brief diagnosis in Latin, references, and vernacular names if appropriate ( fig. 3 ). New species detected by Müller were entered pending a full description in the main work. For several of these, however, no more descriptions were given and the brief and usually very general diagnosis in the 'prodromus' is the only extant information.
For several species described by other authors (e.g. Hans Strøm and Otto Fabricius) and by Müller himself in previous works (Müller, 1771) , the scientific name given in the 'prodromus' is the first name published in accordance with the nomenclatural rules and hence the oldest available name of the species. Later, this caused much confusion. One example is the spionid Spio filicornis (listed as Nereis filicornis in 'prodromus'), which was described by Otto Fabricius from Greenland (Fabricius, 1780) . Spio filicornis was for a long time considered a European species, but has recently been re-described, based on newly collected material from Greenland (Meissner et al., 2011) . This is particularly relevant to determination of type localities for the species, which in several cases are still not settled.
A list of valid polychaete species named by O.F. Müller is given in table 1. Müller presented information on sampling localities, mostly as part of the descriptions in Zoologia Danica. In some cases details may be found in travel reports and letters. For some species, the sampling locality is exactly specified, but for others, only a general area is indicated. For species cited from other authors, the sampling localities may be found in their descriptions. Tracing type localities may, therefore, be uncertain and requires information from different text sources. For several species, e.g. Cirratulus cirratus (Müller, 1776) and Hediste diversicolor (Müller, 1776) , the type locality has not been clarified. Müller kept a large collection of specimens (Anker, 1950) , but no polychaete material is presently known to exist (D. Eibye-Jacobsen, pers. comm.). A more detailed review of the species named by O.F. Müller is in progress and will be published elsewhere. 
The second era: Michael Sars and the beginning of systematic descriptions of Norwegian marine fauna
After O.F. Müller, there was a period with few investigations of the Norwegian marine fauna until about 1830, when Michael Sars started his career. From about 1840, several other scientists were active, and the latter half of the century was a very prolific period in the systematic description of the marine fauna (Sakshaug and Mosby, 1996) . Michael Sars (1805 Sars ( -1869 was born in Bergen on the west coast of Norway, where he also started his studies of marine animals ( fig. 4) . He was educated in theology and practiced as a vicar, first in Kinn near Florø (1831-40) and later in Manger near Bergen (1840-54) . He was awarded a professorship at the University of Oslo (then Christiania) from 1855, where he remained until his death in 1869 (Økland, 1955; Helle, 2006) . Starting in 1849, he made several travels to northern Norway to collect specimens. In Oslo he collected in the Oslofjord with his main focus on the region near Drøbak.
Michael Sars had a broad interest in several marine species groups and early in his career earned an international reputation for studies of the life histories of cnidarians and echinoderms. Throughout his career, he described new species in various groups, among them cnidarians, polychaetes, molluscs and echinoderms. In the 1860s he also sampled, together with his son Georg Ossian Sars, numerous species from the great depths (>800 m) in offshore areas. The deep sea had previously been considered lifeless, and their findings raised a broad international interest in deep-sea expeditions. In Norway the findings contributed to the funding of the Norwegian North Atlantic Expedition, which was carried out in 1876-78 (Sakshaug and Mosby, 1996; Helle, 2006) . (Nygren et al., 2010) 
Goniada norvegica Drøbak in Oslofjord Accepted
Spione trioculata Drøbak in Oslofjord ?
G.O. Sars 1873b
Nychia globifera Storegga, off Western Norway Accepted as Harmothoe globifera. Type lost Hermadion? hyalinus Storegga, off Western Norway Accepted as Adyte hyalina; holotype, NHMO (Bock et al., 2010) 
Esmark 1874
Eteonopsis geryonicola Oslofjord Accepted as Ophryotrocha geryonicola, syntypes NHMO
Hansen 1879a
Polynoë 
Laenilla oculinarum
Galgenes in Trondhjemsfjord Accepted as Harmothoe oculinarum. Type specimens in NHMO and NTNU-VM ).
Hansen 1880
Polynoe assimilis NNHE stn 363 Synonymised with Harmothoe globifera (G.O. Sars, 1873) , 
Storm 1881
Leodice gunneri Trondhjemsfjord Synonymised with Eunice norvegica (Linnaeus, 1767) Michael Sars described nearly 80 species of polychaetes, of which 54 are considered valid (table 2). The descriptions generally had a standardised form, with a diagnosis in Latin followed by an extended description with morphological details in Norwegian. In some few cases, descriptions were given in either German (Sars, 1846) or French (Sars, 1856) . Some of the works were re-edited and translated into German, French or English and published in international journals (see Sars, 1829 Sars, , 1835 Sars, , 1856 Sars, , 1869 . From about 1860, most new species were published as contributions from the newly established scientific society of Christiania (Det norske Videnskaps-Akademi [The Norwegian Academy of Science and Letters]). His latest descriptions of new species were published after his death in three papers edited (without changes) or revised by his son Georg Ossian Sars (Sars, 1872a (Sars, , 1872b (Sars, , 1873a . Altogether, there are 14 publications with descriptions of new species of polychaetes (table 2) .
The correct reference to the descriptions needs attention. Several contributions from the scientific society were published both in an annual periodical and as separate offprints. The offprints had separate pagination (starting at p. 1) and usually a different title (e.g. Sars, 1862a Sars, , 1862b . The periodical was published the year after the presentations, e.g. contributions for 1861 were published in 1862. It may also cause problems that several species were described more than once. This was the case for some species for which the first publication was rather short and Michael Sars then presented a more complete description in a later publication. The use of illustrations varied. The earliest publications were illustrated (Sars, 1829 (Sars, , 1835 (Sars, , 1846 (Sars, , 1856 , but later publications were generally not. The last species descriptions (Sars, 1873a) contained detailed illustrations of some of the species made by G.O. Sars, who was an extremely skilled illustrator.
Contemporary with Michael Sars, several foreign naturalists visited Norway for fauna studies. In approximately 1840, new species were described by the Danish naturalist Anders Ørsted and the German-Polish naturalist Heinrich Rathke (table 3) . Ørsted visited Drøbak, having been inspired by the works of O.F. Müller (Ørsted, 1845) , whereas Rathke visited several places in the middle part of Norway (Rathke, 1843) . No material from Ørsted's polychaetes from Drøbak is known to exist (Wolff and Petersen, 1991) . The existence of the material of Rathke is uncertain. A couple of decades later, the most important contribution to the knowledge of the polychaete fauna was recorded by Gerhard Armauer Hansen in his treatment of the material collected during the Norwegian North-Atlantic Expedition (NNHE), 1876-78. In total 27 polychaete species were described as new species from the expedition, of which 16 are considered valid (table 3). All species descriptions were originally published in Norwegian (Hansen, 1879a; 1879b; 1880) , but the descriptions were later repeated with parallel text in English in a comprehensive expedition report (Hansen, 1882) .
Museum collections of original material
In general the material collected by the early naturalists were kept in their own private collections or donated or sold to museum collections (Anker, 1950; Økland, 1955) . In the museums, collected specimens were placed in common collections. Specimens and samples used for species descriptions were generally not specifically indicated. The degree to which original specimens have been identified and catalogued as 'types' at some later stage varies among museums. All too often, however, it seems that original materials have been forgotten and/or overlooked in the collections and consequently been reported as missing when asked for in modern taxonomic studies. For most earlydescribed species, the identification of original material (holotype or syntypes) today is, therefore, totally dependent on information on sample labels (site, date, collector) and knowledge of the original sampling sites. The present principles of designating and cataloguing a type series as specified in the Zoological Code (ICZN) did not come into force until much later (ICZN, 1999) .
In Norway, there are four natural history museums that maintain scientific marine collections. The first to be established was the collections of the Royal Norwegian Society of Sciences and Letters in Trondheim, which was founded in 1760 (Moen, 2006; Bakken et al., 2011) . The other museums, in Oslo (then Christiania), Bergen and Tromsø, were founded in 1812, 1825 and 1872, respectively. In their first periods of activity, the museums concentrated on local fauna and flora, but gradually the museums also built up collections of specimens from other parts of Norway, and, starting in the 1870s, from expeditions to the Nordic Seas and Arctic areas and more distant destinations (see e.g. Sakshaug and Mosby, 1996) . Some specimens have been distributed among the museums as early curators seemed to share or split samples between the museums (Bakken, 1999) .
In the present study, efforts have been made to identify original materials from Michael Sars in Norwegian museums that have not yet been identified as 'types'. Most of the material is located in the collections of the Natural History Museum, University of Oslo (NHMO), but some is also found in the University Museum, University of Bergen (ZMBN). During his research, Michael Sars also sent specimens to other European museums, e.g. in Copenhagen (information from letters, see Økland, 1955) . Potentially, original material (syntypes) may, therefore, have been distributed among several museums. In the present study, original material from 25 species has been identified in the collections of the museum in Oslo (see table 2 ). Original labels with Michael Sars' characteristic hand-writing ( fig. 5 ) and corresponding information on sampling sites from labels and species descriptions have been taken as evidence for the status of the material. These specimens have now been catalogued and transferred to a separate type collection. Material of somewhat uncertain status, e.g. lacking original labels, has been registered as possible types (table 2) and catalogued.
Type localities
The Zoological Code (ICZN) states that all sampling localities for a collection of syntypes are to be regarded as type localities (ICZN, 1999) . When a lectotype has been designated, or a neotype in the case of missing original material, the locality of the designated specimen is the sole type locality, and localities for other previous syntypes lose their status. These specifications imply that a uniquely defined type locality (one locality only) will be the case only for species originally described from one locality or when a lectotype or neotype has been designated in later revisions. For modern taxonomy, and for molecular studies of species complexes in particular, the precise location of one type locality is crucial. With regard to the species described by O.F. Müller, some species included in Zoologia Danica were described from one locality, which then fixes the type locality (e.g. Drøbak in the Oslofjord for Scoletoma fragilis, Eunice pennata and Hyalinoecia tubicola: table 1). For Müller's other species, especially those that referred to other authors in the 'prodromus', the identification of sampling localities may be more obscure. As Müller in the 'prodromus' often referred to several authors and publications, the first step is to decide which of them constitutes the original description; then information may be extracted on localities, which are often rather inaccurately reported. The matter is also complex for poorly characterised species that essentially have been diagnosed by later authors, e.g. Glycera alba by Ørsted (1843) , based on specimens from sampling localities outside of the area indicated by Müller.
The naturalists of the 19th century generally reported their sampling localities, but often rather roughly, with little more than place name and depth. The studies of Ørsted (1845) and Rathke (1843) were restricted to one or a few places. Michael Sars, however, often reported several localities for his species, especially in the late publications, when he had collected material from all parts of Norway (table 2, fig. 6 ). In the descriptions, he did not indicate whether material from one or several localities had been used. Therefore, it should be a task in connection with revisions to critically examine all syntypes and select lectotypes that are in accordance with the species descriptions. Until today this has only been done for seven of the species of Michael Sars (table 2) . Presently, there is one specified type locality for only about half of the species that he described as new, either by original designation (one locality) or by subsequent selection of a lectotype or neotype by later authors.
Conclusions
The correct taxonomy of the species is the key to biological knowledge and the very basis for documenting biodiversity. Taxonomy requires a thorough knowledge of past research, even if that means beginning with old, poorly preserved and labelled specimens. It is acknowledged that modern research is hindered by the inaccessibility of older taxonomic literature, poor descriptions of early-described species, and the uncertain existence and location of type material (Glasby and Read, 1998) . The present rapidly increasing use of molecular genetic methods for species characterisation reinforces the need to clearly assess the identity of the species. Any information on original material, their repositories and sampling localities is therefore urgently needed. In Norway, correct taxonomy is critical for biodiversity mapping (e.g. the MAREANO seabed mapping program: BuhlMortensen et al., 2012) , environmental surveillance monitoring at offshore petroleum installations, and studies of the effects of climate changes. Furthermore, recent studies of selected polychaete families have revealed considerable species shifts from offshore shelf to deep-water areas in the Nordic Seas (Kongsrud et al., 2011; Bakken et al., 2014) .
The present study is intended to facilitate access to descriptions, material and localities of the early-described species from Norway. Most of the old literature is in Danish or Norwegian, with place names that often are obsolete or very local. Native knowledge is therefore essential, as is knowledge of the history of science, reading descriptions in the original language, tracing unpublished field notes and letters that may be kept as part of collections, and access to museum catalogues to supplement more precise data on sampling localities. Knowledge of local geography is also of paramount importance, especially when place names have changed over time with the development of language and change of local administrative systems.
Basic taxonomy incorporating revisions of early-described species is tedious work. It is a real challenge to do revisions fast enough to keep up with molecular studies. In cases where molecular data are needed at the first instance, the best practice will be to collect specimens from original localities or within the geographical range where the original material may have been collected, which implies that information on original sampling and material must be known. The documentation of material and sampling localities of the early-described species is thus a basis for the advancement of taxonomy and biodiversity mapping using new techniques and methods. 
